The extracellular development in vitro of the avian malaria Plasmodium lophurae is favored by addition to the medium of coenzyme A at 0.05 mM. Coenzyme A can be replaced by dephospho-coenzyme A and to some extent by phosphopantetheine, but not by phosphopantothenoylcysteine or by phosphopantothenic acid. The activity of the two former precursors results from their conversion to coenzyme A by enzymes in the erythrocyte extract of the culture medium in the presence of ATP, also an essential ingredient of the medium. Hence, P. lophurae in its erythrocytic stage has an absolute requirement for an exogenous source of coenzyme A.
Intracellular parasitism involves series of subtle interrelationships between the parasite and its host cell (1) . Of special interest is the nature of biosynthetic lesions in the parasite, and the parasite's corresponding dependence on its host for factors essential to its metabolism. This problem can be approached in two ways: by extracellular cultivation of the parasite in a nonliving medium, and by comparative study in uninfected and infected host cells and in free parasites of the enzymes of various biosynthetic systems. Among the many different kinds of obligate intracellular protozoa, only one, a species of bird malaria, Plasmodium lophurae, has been kept alive and developing extracellularly in vitro up to four days (2, 3) . Its survival under these conditions was favored by addition to the medium of several cofactors, among them coenzyme A (CoA) (4), a material of prime importance in the metabolism of the parasite (5) . In order to determine whether P. lophurae depends on its host erythrocyte for fully formed CoA, or can utilize intermediates in the biosynthesis of CoA from pantothenic acid, we have now investigated and here report the effects of these intermediates on extracellular development of this organism. In a following paper (6) we report a study of the enzymes of CoA biosynthesis in normal and malarious duck erythrocytes and in the free parasites.
MATERIALS AND METHODS
Preparation of the Cultures. Erythrocytic stages of P. lophurae were maintained by weekly passage of infected blood in young Pekin ducklings in such a way that 90% or more of the parasites were uninucleate trophozoites on the fourth day after inoculation (2) . Birds to be used as donors for the experiments received a large inoculum (approximately 100 X 106 infected erythrocytes per 100 g of body weight), resulting in a 100% parasitemia by the fourth day.
The inoculum of free parasites for the cultures was prepared by immune lysis of infected erythrocytes (2) under aseptic conditions. In a 50-ml erlenmeyer flask with a silicone rubber stopper were mixed 6.3 ml of a 20% suspension, in erythrocyte extract medium (see below), of erythrocytes from a 4-dayinfected duckling, 0.13 ml of guinea pig serum (as source of complement), and 0.7 ml of a potent rabbit anti-duck erythrocyte serum (hemolytic titer of 1: 10000). The mixture was incubated 0.5 hr on a rocker at 400, with shaking at 15 min to break up large clumped masses. It was transferred to a centrifuge tube and centrifuged 1 min to a speed of 500 rpm. The supernatant contained fully freed parasites and a small number of free erythrocyte nuclei. A half milliliter of this was inoculated into each culture flask. The number of parasites in the inoculum was determined by direct count in a PetroffHauser bacterial counting chamber under phase contrast at 1000 X magnification, using a 1:1 dilution with 10% formaldehyde. Each flask in an experiment received the same number of parasites, usually between 50 and 150 X 106.
The 50-ml erlenmeyer culture flasks were prepared and incubated as described (3).
Assessment of Development was done after one day's incubation, using both morphological criteria (proportions of multinucleate and degenerate parasites) and the extent of incorporation of a "4C-labeled amino acid into trichloroacetic acidprecipitable material (see ref. 3 for details).
The Culture Medium. Erythrocyte extract medium was used throughout at a final concentration of one-third strength. Full-strength medium was prepared aseptically from duck erythrocytes that had been frozen and thawed once. Defibrinated duck blood, from ducks not over 3 months old, was centrifuged in 25-ml amounts and the serum and most of the buffy coat were removed. The approximately 10 ml of cells was frozen in a dry ice/alcohol bath and stored overnight in a dry-ice chest. The cells were thawed in ice water, suspended in 13.3 ml of diluent solution A-1 (see below), and centrifuged 50 min at 3000 rpm (1800 X g) at 200. A low temperature could not be used since the diluent contained gelatin. The deep red supernatant (8-9 ml) constituted the extract. Supernatants were pooled from a number of tubes to get the required volume. A portion of extract was removed for use in preparation of the inoculum of free parasites. Its pH was adjusted to 6.9 with sterile 0.1 M HCl. One-quarter strength extract was prepared by mixing one part of full-strength extract, before pH adjustment, with three parts of diluent solution A-1. The pH of this mixture was brought to 6.9 with sterile 0.1 M KOH. The full-strength and the dilute extract then each received, at the rate of 0.2 ml/10 ml of medium, a solution freshly prepared and sterilized (through a glass ultrafine filter) solution 9 was added, followed by 15 ml of duck serum (from defibrinated blood of ducks not over 3 months old). The stock solutions were stored up to 3 months in a refrigerator, except for 13 h, which was kept frozen at -20°, and solution 9, which was always freshly prepared. The final mixture was used on the day of preparation.
containing, at pH 6.0, L-malic acid, yeast adenylic acid (2' and 3' mixed isomers), and nicotinamideadeninedinucleotide to give final concentration of 6.0 mM, 1.4 mM, and 0.15 mM, respectively. Since each experimental flask received 3 ml of one-quarter strength extract plus 0.5 ml of full-strength extract as the inoculum containing the free parasites, the final concentration was a one-third strength extract.
The supplements of ATP, pyruvate, and folinic acid, to give final concentrations of 2 mM, 5 mM, and 0.01 mM, respectively (see ref.
2), and of CoA or its intermediates, were added as small volumes of concentrated solutions just before inoculation of the free parasites. ATP was used as the dipotassium salt, obtained from P-L Biochemicals, in a solution at pH 6.
Sodium pyruvate was prepared from pyruvic acid (7). Folinic acid was the calcium salt from General Biochemicals.
CoA was obtained from P-L Biochemicals as the free acid. It was dissolved at the rate of 35 mg in 10 ml of glass-redistilled water. The solution was sterilized by passage through an ultrafine glass filter; small aliquots were put into tubes and stored frozen in a dry-ice chest. Dephospho-CoA was also from P-L Biochemicals and was similarly prepared. Phosphopantothenic acid was synthesized as described in the following paper (6) . Both 4'-phosphopantothenoyl--cysteine and 4'-phosphopantetheine were the generous gifts of Dr. Yasuahi Abiko of the Daiichi Seyaku Co., Tokyo.
Diluent Solution A-i. Although the preparation of this has been described (4), a number of small modifications make a redescription advisable in the interest of clarity. Accordingly, the composition of the stock solutions and the final mixture, as well as details of preparing the latter, are given in Table 1 .
Microbiology: Trager and Brohn (Tables 2-4 ).
Although as little as 0.02 mM CoA had a detectable effect, 0.05 mM was the lowest concentration that regularly was effective ( Table 2) .
The several intermediates of CoA biosynthesis were accordingly tested at a concentration of 0.05 mM or slightly higher. The first two intermediates, phosphopantothenic acid and phosphopantothenoylcysteine, had no effect at this concentration (Tables 3 and 4) . These results are in keeping with the absence from the free parasites of the enzymes pantothenate kinase (EC 2.7.1.33) (8) and coupling enzyme (EC 6.3.2.5) (6) . Both of these enzymes are readily demonstrated in duck erythrocytes. It is of interest that pantethine also could not replace CoA (4) .
Of the second two intermediates, 4'-phosphopantetheine could partially replace CoA (Table 4) and dephospho-CoA could fully replace it (Table 2 ). These results suggest that either the malaria parasites have enzymes catalyzing the last two steps in CoA biosynthesis, or the erythrocyte extract medium has these enzymes and, with the help of the added ATP, carried out biosynthesis of CoA, this CoA being then used by the parasites. In our subsequent paper, we show that the latter is indeed true (6) .
Besides P. lophurae, a requirement for exogenous CoA has so far been demonstrated only for several species of prokaryote organisms: some strains of Bifioacterium bifidum from the human intestine (9) and of Mycoplasma [M. laidlawii (10) and M. gallinarum (11)]. With the rickettsiae of typhus, obligate intracellular parasites, CoA was essential for the restoration of infectivity of frozen-thawed material (12) .
With malaria parasites other than P. lophurae, only a beginning has been made toward the extracellular cultivation of the human parasite P. falciparum (13) and we do not know whether they have a CoA requirement. We do know, however, that P. falciparum and the monkey malaria, P. coatneyi, when growing intracellularly, require pantothenic acid (4), as does P. lophurae under similar conditions (14) . Even in the intact host animal, malaria parasites develop less well if the host has been made deficient in pantothenate (15) . This is also 
